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Current wires are considered for compensation of long-range beam-beam interactions for the High Luminosity upgrade 
(HL-LHC) of the Large Hadron Collider at CERN [1]. In this note, we demonstrate the advantage of using Electron Lens 
for this purpose instead of a conventional current-bearing wire. 
 
First, let us consider the required strength of a beam-beam wire compensator. In the simple case of round beam (or large 
transverse beam-beam separation), a test particle moving at a distance r from the center of an opposing proton bunch of 
charge Np, experiences a radial kick 
 ∆𝑝! = 𝑒 𝐸! + 𝛽𝑐𝐵! 𝑑𝑡 = 𝑒𝑁!𝑐(1 + 𝛽) !!!!!!! !!, 
 
where e is the electron charge, c is the speed of light, β is the relativistic factor of the beam. We define the long-range 
kick strength for one encounter as 
 ℒ! = 𝑒𝑁!𝑐 1 + 𝛽 /2 ≅ 𝑒𝑐𝑁! = 𝑒𝑐  ×  2.2 ∙ 10!! = 10.5  𝐴 ∙𝑚 
 
Considering that in the ideal case of NLR=18 long-range encounters on one side of the main IP, a single compensator 
would cancel the kick from all of them, the required strength of the compensator is 
 ℒ!" = 𝑁!"ℒ! = 18  ×  ℒ! = 190  𝐴 ∙𝑚 
 
If a single wire of length L with current I is used for compensation, the kick is created through the magnetic field of the 
current: 
 ∆𝑝! = 𝑒𝛽𝑐𝐵!𝑑𝑡 = (𝐿 ∙ 𝐼)  ×   𝑒2𝜋𝜀!𝑐! 1𝑟 
 
Thus, a wire would need to carry ℒ!"#$ = 190  𝐴 ∙𝑚 over its length. 
 
However, if one uses a low-energy electron beam in an Electron Lens for such compensation, the kick is created through 
the electrical field of the electron column as well as through the magnetic field of the current: 
 ∆𝑝! = 𝑒 𝐸! + 𝛽𝑐𝐵! 𝑑𝑡 = (𝐿 ∙ 𝐼) 1 ± 𝛽𝛽!𝛽𝛽!   ×   𝑒2𝜋𝜀!𝑐! 1𝑟 
 
Here βe is the relative velocity of electrons in the electron lens, and the sign in the numerator is chosen based on the 
relative direction of propagation of the electron beam. Typically, the energy of electrons in an electron lens device is low 
(5 keV in the Tevatron Electron Lens), hence the current necessary for long-range compensation can be reduced by a 
factor !!!!!!!! = !!!.!!.! = 6, which gives for the HL-LHC parameters the strength ℒ!!!"#$ = ℒ!"#$6 = 32  𝐴 ∙𝑚 
 
Tevatron Electron Lenses were capable of transferring the current of up to 2 A over the length of 2.5 m [2]. Since the 
beam size requirements for the long-range compensator are much relaxed compared to the head-on application of TEL’s, 
a device transporting the electron current of 10 A over 3 m is technically feasible. 
 
Additionally, an electron lens based beam-beam compensator offers the capability to easily adjust the compensation 
strength for different bunches in a train (in particular, for the so-called pacman bunches) because the current pulse 
amplitude can be varied on a bunch-by-bunch basis. 
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